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REMARKS 

The applicant reqpectfully requests that the mailing date of the Office Action, 
paper number 18, be changed from September 9, 2003, to October 6, 2003, which is the 
date it was faxed by the Patent Office to the applicant's attorney of record. The initial 
document was not sent by the Patent Office to the attorney of record, but instead to 
Genencor International. 

Currently pending in the application are claims 1-5, 7-8, 1 1-16, 19-22, 24-25, and 
27-30 and 32-35. Claims 17 and 26 were cancelled in a prior amendment. Claims 6, 9, 
10, 17,18, 23 and 31 are cancelled in this amendment. 

The Applicant has adopted the Examiner's suggestions in claims 8 and 21 to use 
"and wherein" for clarification and has inserted the wash conditions for highly stringent 
hybridization conditions into claims 1 1 and 24. The unnecessary phrase "commercial 
levels" is deleted from claims 15 and 25, and claim 16 amendment to property depend 
from claim 15. Claim 25 is amended to recite production of a biomass and to recite 
production of laccase, also for clarification and consistency. 

The claims have been rejected, the Examiner noting that while the specification 
teaches production of laccase in a plant by seed-preferred expression, the claim language 
to that affect should be included in the claims* Claims 1, 15 and 25, and accordingly all 
of the claims depending from same (2-5, 7, 8, 1 1-14, 16, 19-22, 24, 27-30, 32-35) include 
that language. By preferentially directing expression of laccase to the seed of the plant 
the plant is protected from adverse affects of the laccase, and thus can accumulate laccase 
without dying. Further, when the laccase is also secreted to the cell wall, expression can 
be enhanced as well. Thus, new claim 34 depends from claim 1, and in addition to 
reciting expression to the seed of the plant, also recites the laccase expression is directed 
to the cell wall New claim 35 depends from claim 25, and likewise recites a method 
where the laccase is secreted to the cell wall. Claim 16 recites the method of producing 
laccase in plants where the laccase is secreted to the cell wall. Thus it is believed these 
claims are in condition for allowance. 

New claims 32 and 33 dependent from claims 1 and 15 respectively, and recite 
laccase production levels of about 0.01 %. This language was simply moved to a 
dependent claim. 
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Hie Examiner has noted that it appears only plant and fungal laccase have been 
characterized The applicant points out that the source of the laccase-encoding gene is 
not critical to the invention. The invention addresses the problem of how a plant can 
express laccase, regardless of what gene may be making the laccase, without the plant 
dying. However, there are laccase-encoding genes which have been characterized from 
other sources. Attached to this amendment are journal articles showing laccase-encoding 
genes from bacteria (Aria et al. "Kraft pulp biobleaching and mediated oxidation of a 
nonphenolic substrate by laccase from Streptomyces cyaneus CECT335" Applied and 
Environ. Microbiology Apr. 2003 pp. 1953-1958; Enguita et al, "Crystal structure of a 
bacterial endospore coat component, a laccase with enhanced thermostability properties" 
J. Biol Chem. 278:19416-19425, May 23, 2003Genbank 1GSKA; Genbank AB092576, 
Streptomyces lavendulae gene for laccase); and from worms (Pubmed accession No. 
NM_069 101, Caenorhabditis elegans laccase (4J499), see 

\i^v.ncbi.nlmjiih>gov:80/entrez/viewerV Thus, a wide range of laccase sources are 
available to choose from: fungus, plant, bacteria and worms* The particular source is 
irrelevant; what is important is that the sequence encodes laccase. The Examiner also 
queries about a reference to support the conclusion that prior attempts to express higher 
levels of laccase in plant have not been successful. While it is difficult to find a reference 
showing lack of an activity, the applicant points out page three of the declaration of Dr, 
Hood, submitted in the prior amendment, in which Dr. Hood reports that prior attempts to 
express laccase resulted in very low expression or death of the plants, and further refers 
to page 138 of Hood et al Plant Biotechnology Journal (2003) 1, pp 129- 140. 

The amendments submitted do not introduce new matter and are responsive to 
new comments and/or requests of the Examiner. It is submitted the amendment places 
the claims in condition for allowance or better condition for appeal. For these reasons, 
reconsideration and allowance of the claims is respectfully requested. The Examiner is 
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invited to contact the attorney of record below with any questions or concerns. 



Patricia A. Sweeney 
1835 Pleasant 

West Des Moines, JA 50265-2334 

(515)222-0921 

(515)265-0556 (fax) 



.Received from < 5152670556 > at 10/31/83 1:02:11 PM [Eastern Standard Time] 



Respectfully submitted, 




Patricia A. Sweeney 
Registration No. 32,722 



7 



10/31/J2003. 12:19 5152670556 



SWEENEY 



PAGE 



Applied and Environmental microbiology, Apr. 2003, p. \ 053-1 958 Vol. 69, No, 4 

OW-224u/03/S08,00*0 DO?: tO.U2S/AEM.69Al95M9$«.2W3 
Copyright €> 2003, American Society for Microbiology. Alt Rights Reserved. 



Kraft Pulp Biobleaching and Mediated Oxidation of a Nonphenolic 
Substrate by Laccase from Streptomyces cyaneus CECT 3335 

M Enriqueta Arias/* Maria Arenas/ Juana Rodrfguez/ Juan SoHveri/ 
Andrew S. Ball, 2 and Manuel Hernandez 1 

Departamento tie MicrobhlogUi y Parasitologic > Vnivamdud dc Alcatel 28871 Alcald dc Hwares, Madrid, Spaing and 
Department of Biological Sciences. Uniwsity of £v.tct Wivenhoe Park, Colchester CQ4 3SQ. United Kingdom 2 

Received 5 August 2002/ Accepted $ January 2003 

A new lactase <EC 1.1 03*2) produced fay Streptomyces cyaneus CECT 3335 in liquid media containing soya 
Dour (20 g per liter) was purified to homogeneity. The physicochemical* catalytic, and spectral characteristics 
of this eniynjic* a$ well as its suitability for Wobleuchtag of eucalyptus kraft pulps, were a«$e$&etL The purified 
laccase had a molecular mass of 75 kba and an isoelectric point of 5.6. and its optimal pH and temperature 
were 4-5 and 70°C, respectively. The activity v*as strongly enhanced In the presence of Cu * f Mr/** and Mig** 
and was couipleUly s-thibit^d-by-EDT^ 

against 2 r 2'-azino-bi5(3'ethylbenzothlazoline-6-suironate) (ABTS) and 2,6-dimethoxyphenol and no activity 
against tyrosine. The tfV-visible spectrum of the purified laccase was the typical spectrum of the blue lactases, 
with an absorption peak at 600 o<n and a shoulder around 330 to 340 nro; The ability oF the purified laccase 
to oxidize a nonphenolic compound, such us veratryl alcohol, in the presence of ABTS Opens up new possi- 
bilities for the use of bacterial laccuses in the pulp and paper Industry. We demonstrated that application or 
the laccase front S. cyaneus In the presence of ABTS to biobjeacbtag of eucalyptus kraft puJp* resulted in a 
significant decrease in the teppa number (2 3 U) and an important increase in the brightness (2.2%, as 
determined by the International Standard Organization test) of pulps, showing the suitability of laccases 
produced by streptotnycetes for industrial purposes. 



Because of their potential for biotechnologies! applications 
in areas such as biobleaching, incasing tho strength of cellu- 
lose fibers, textile dye or staio bleaching, and biorciucdiatioo, 
attention is currently being p«id to laccuses (2, 23, 30. 43. 50). 
These enzymes are widely distributed in plants and fungi, but 
until now laccase siciivity has been reported in only ;» few 
bacteria, including Azpspirilhtm Upofemm, Marinomonas medi- 
tmanea t Streptomyces griseus, and Bacillus suhtitis (1,15, 20, 22 r 
41, 45). A number of roles for laccases in bacterial systems 
have been suggested and include roles in melanin production 
and spore coat resistance and involvement in morphogenesis 
(15, 22). In Streptomyces cyaneus. a laccase-type phenol oxidase 
was found to be produced during growth under sotid-substmic 
fermentation conditions, and it was suggested (hut this enzyme 
was involved In the solubilization and mineralization of lignin 
from wheat straw (5). Further studies demonstrated that this 
organism could be used to impTovc the quail ties of pulp after 
2 weeks of incubation under solid-substrate fermentation con- 
ditions (6). However, to date (here have been no reports de- 
scribing the involvement of bacterial laccases in the oxidation 
of nonphenolic com pounds in the presence of mediators. The 
specific activities of these enzymes with lignin and related 
substrates have not been examined yet. 

Laccases are considered some of Che most promising en- 
ijymes for future industrial applications in lhc pulp and paper 
industry (4, 10. 31, 33, 38). In particular, laccases from fungi 
have been found to reduce the kappa number and enhance the 

* Corresponding author. Mailing address; Departments dc Micrr> 
biologfe y Parasitolo^ Univer&idad de Alcalii. 2SS71 Alcaic dc 
Heniireg. Madrid, Spain, Phoo*: 34 91 ?954o33. Fax; 34 91 W54&23. 
E-mail; enriqucta.arias@ ua h.»5s. 



bleaching of kraft pulp when they are used in the presence of 
chemical mediators, such as 2 r 2'-a3cino«bi5(3rethylbenzothiazo- 
litie*6-.sulfonate) (ABTS) (8, 1 1, 49), In this paper we describe 
the behavior of the phenol oxidase produced by S. cyaneus 
CECT 3335 in submerged cultures as a lacca$e-type behavior, 
and in this study we also confirmed the usefulness of the 
purified enzyme in the biobleaching of kraft pulps. 

MATERIALS AND METHODS 

Mfcroorjtantan *n4 growth conditions* S. cyvneut CECT 3335 w« joa<untalned 
as * suspension of *pont$ and hyphal fragment* in 20% glycerol at -?0X' and 
w?* routinely cultured on Banner agar (29) or soya flour majinUol agar contain- 
ing (pur tjtcr) 20 g of soya flour. 20 g of manuftol, rad 20 $ of agar- Distilled wrier 
xwpertiions of sponilating growth fit)* CFU ml" 1 ) were uud u inocula. Stan- 
dard spore suspcnFioat (2 rrdj were u$td to inoculate 50(>-mI flasks containing 
100 ml of biiwil miner*! jncdiuro. (1$) supplemented with soy* floor (2 n b P*r 
liter). Cultures were shaken at 200 rpm and incubated at 28"C for 10 d?y*. Flask* 
were removed every 24 h to determine th<r enzyme activity. Culture yupcrnatam* 
were oMwvtcd by ccrrtrifogalion of the contents of flasks at 10,000 X g it 4*C for 
10 or' n. Cell-free culture $upcmatanUt were stored at -20*C u/U0 they were used. 

EwejnjL* awy* and protein determination, t^cca^c activity was determined by 
determining tbc oxidation of 5 n»M ABTS (Sigma-Aldrlch) (48) in 0.1 M Me- 
Itvhine buffer (pH 4.4). Tbc jnerose in obSOrbanoL* at 436 nm was monitored 
with » Bcckrcwn DU-5U jpcrtropriotooicter connected to an Ultratcrro thermo- 
static both, which maintained the temperature of the rencdon mixture n $0 ± 
2*C T» emulate eitr.ymc activity, wc used an absorption coe-fflcfcrU of 29,300 
M"' em* 1 for osidiscd APTS- 

The lirnc counw of gro*ih ejtijnaicd by measuring intracellular protein 
conceal rsUocsi. Cells wort obtained daily by ccntrifugaUort V 5^300 X 8 * or 10 
min, (ind ibeo thejr wc(c washed with distilled w*Kr »nd resuspetidod in 10 mT of 
0-1 M jodjum phosphate buETcr <pH 6.S). The «U$ were disrupted with a French 
pnisiurc cell (SLM AMFNCOl, and the InuaccUular protein contco* w» csti- 
motcd by Ok* Bradford method (9). 

Protein contents in the supernatant were estimated w desenbrd «hov«, ^nd 
the specific oclivjtics iycru cxpru^icd as milliunits per minute per milli^r^ni of 
culture siupcmjjiunt pyotei»x. 
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Purification and diaractCTluLlon oru«a«c. Protein? wore precipitated from 
the supernatant by addition of ammonium sulfate fup to 50% saturation) at <PC 
and ccntri/agation at 1(1,000 * # for 3D rnjn. The prcripilau? was reswpended in 
0.1 M sodium phosphate buffer (pH 6.8 J and extensively diaryzed at -J"C agaiaM 
the aamc buffer. TJnc sample wn$ precipitated again with ammonium sulfate (up 
to 20Tp) and centrifuged w described above. 

Liquid chromatography wre carried out with a OP- 350 PJu^ fa^p^rform.incc 
liquid chromatographic system (Pharmacia). Supvmuiant {2 ml) yi-aaloodcd onto 
a hydrophobic coJuoip (Econo-Pac Methyl cartridge; Bio*Rad), The column was 
equilibrated with O.J M phosphate buffer (pH 6,8) juppjememed with I.I M 
ammonium sulfate. The adsorbed proteins ^ C rc cjulcd with the $a«ic buffer 
without ammonium sulfate by uwng a continuous gradient (1.1 to 0 M ammo- 
aiuro sulfate) at a flow rntc of 1 m) mio Fraction* wjih lnccasc acliviry were 
pooled* concentrated, a ad applied rp an anion-exchangc column (Econo Pnc Q 
cartridge; BiO'Rad). tn this step the column W3» equtfibratcd whK (U M phoy 
ph»tu butfer (pfl 6-8), and the adsorbed pnjtuins were uluted wtih die same 
buffer by using the following N«Q gradient: 35 9» NaCt (7 min) ant) 1(10% N»Cl 
(5 min) at a flow iatc of I ml min" 1 . Chroma tognims w c r <! obtained by moni- 
toring the absorban*--*! at 280 Am. The- ABTS-laccajc activity and protein* wcjv 
awayed w all fraction* collected (I ml). 

Throughput the purification proccw, fractions were analyzed by native and 
dcT^uring -pciyacrylAm idc gc! cJccirophorc-.u. /PAGE). 

Sodium tiodceyl sulfate <SPS)-FACE on u ^ pulyacryjamidc, gcl> w(it> per- 
formed a$ described by J„acmrrJi (27), Culture supemaianis were obtained daily, 
and natKii PAGE (9% pol^^cryttfp^idc) used to separate the cxtrecellul(»r 
proteins. Gci5 were developed a? «ytnogrti«$ for laccnse activity by wins ARTS 
a» the substrate- After clcetfOphoreifl?, the gels were overbid onto a 
( wt/vol) agarose gel Jhctt (thickness. 1 mm) containing 5 mM AIJTS in 0. 1 M 
Mcllvaim: huffcr {pH <J.5). fcoth (he poly acryl amide gel and the agorwc gel were 
placed on a glass plate and incubated for 15 to 30 mtn ni *5*C. During the 
purification process, SDS-PAGE analysis wis also carried oat. Protctn bands 
w*rc $(iincd with Coomaswc brilbsint blue R-Z50 or silver $tain (Bio-Rad) and 
compared with the bnncl* of molecular w<jght markers (Hfo-Rad). Isoelectric 
focusing wan corned out by wring ? Hio-Rad mini isoelectric t'ocuf ing cell system 
according to the manufacture**;* in6tructio<t* at pH 3 *o 0; standard Wo-Rad 
markers wen: included Protein band? were vinn,H*cd by t'oomaaaie brilliant 
blue R-250 staining- 

Estimates of the optimal tempcninire and pH for activity and c$tlmaic*of the 
therm?! and pH atabilittes of (he purified laccase were ohLiined by using a 
temperature raofie of 30 to lOCfC and a pU r*ngt,* of 3 to 8 with JO mM Meltvainc 
buffer (pH3 (o 7) and 10 mM pm,wphate buffer <pU ? to 8). 

Michaclia-Mentcn kinetic panjmetcm (K m ?ad (^n^ for the purified lacense 
(48 J pg m!" , > wn; dcUrmiocd »t the optlcwt temperature {7tfV) in » f J M 
Mclrvairw buffer (pH 45) by ujing A0TS at concent rations of 0 tn 50 mM w the 
substrate. 

The effects of metal Ions fCuSO.,, MnSCVMgSO* Zj&ZI* CaO^ »nd VcS0 4 ) 
at conefintraiioii* ranging from 0 to 50 mM were al><0 deiermined. In adddion. 
the effecw of EDTA (0 tr> 50 mM), *odium wide (0 to 100 mM). and other 
potential inhibitors (phcnyltbiourea, cinnymie ?eid. artd iropotane, each at n 
concentration of 10 mM; 5igm¥-Aldneh) >rtrp *Jbo e.xAmined. Additional a$say? 
with metal ion* (CuSOd, MoSOj. and MgSOi) -*» CDnecntration* of 0 to 50 mM 
were performed in order to determine iheir effects on the recovery of the activity 
inhibited by EDTA. 

Spcctrophotomctrie m,uasurcmcitt$ of <u!wtrate oxidntion by the purified cn. 
2yme were obtained ut the opiimal pH and optimal temperature by using )«m) 
reaction mettw" 1 * conuiniojs the tojt substrates L-tynwinc (475 nm), t.*?>4*dihy* 
drophenylalaniae (475 om), tyramlne (+60 nm). dopamine (475 nm), proigcat* 
ecfjaJc acid (400 nm), ABTS (430 nm). 2.6-dimetlKffyphcnol (2.6- OMP) (m 
nm). guaiaeol (470 om^. and eyringaldaeinc (535 nm; dissolved in 01 M Mc- 
Ih jioc buffer. Most of the suhstnucs were used at a ctmccntrilion of 5 mM: the 
only exception was syringaldozine, \yhicb used at a concentration of (U mM. 
Por Substrate apccificity, caTymatic activity w^^ expressed in aNtor banco units 
(AU). and 1 AU wu* defined » the nmoum of enrymo required u> increase the 
absorbance at etich cbpractcrixtic w^vtlengtb indicated above by I U per min per 
ml, All cheinivwls were purchased from Sigmn-AWrK1i- 

Tlic UV-visiblc absorption spectrum of the purified laccaati produced by 
$. cyartcuA was determined ai wavelength* between 71D and 200 nm at room 
temperature in 50 mM phosphate buffer (pH 6) by wing a Bcckmon DU 50 
spectrophoto meter, 

Oxidation of v«ratry) otcobul by the purified I at case Wth ABTS w ihu medt- 
atpr. Oxidation of vcratry' alcohol (J^imc^thweybcru^ *lcyhoi , l by the purified 
enzyme in the presence of A&T$ wa^ carried out by using ihc following stock 
solutions: purified laecace (2 J U ml vcrntryl aJ^obol mM), ABTS (5 mMV 
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FIG. 1. Growth of 5. cyamsta (as detcrnimcd by intracellular pro- 
tein content) (D) and production of extracellular laccase activity (■) 
<?ve* 10 days in basal mineral roedlvm supplemented with soya flour 
(2 g per littjr), 



and Mcllvainc buffer (CM M. pH 45). Tbe jtuodard? u?ed (each at a concentra- 
tion of 1 mM) were vcnrtryl alcohol, vcr5U?)dcbyde (J^'dimethftjeybetUAlde- 

'»VwC) t 5f>w rO i u v ^ Ciij { ,1 ,5 -^J ul C ii'i " v t^T^iC add). TuC COriuOla COIitaiiivd 

laecm-x (IU itl). vcratryl alcohol (5(> uj). suid buffer (40 The wmpies con- 
torted lacense ()0 pJ), veratryl alcohol (50 ^1). ABTS (30 jxl)* and buffer ()0 yd). 
The tmmple* were incubated at room temperature for 34, 36>-and- dg b and 5 days 
in the dark. At the end of the incubation period, seunplcj were fcirutlfuged at 
10.0W) v g for 5 min. Each swnplc (JO hd) wa? bnnlyjced by high-performance 
liquid chromatography (LC-9A; Shimadxu) by using a 25-cm colunm (Nucico«l 
10-5 C (- ) t Tbc column w» prcvioujly equilibrated with 15% (vol/vol) acctoni- 
trilc and a solution containing phosphoric acid (0.02 M) and NaOH (0.02 Mjat 
3 and *3W timed at a rale of I ml min*' with the following acctonltWlc 
gradient: 15S» acctoruirilc (t min), 35^ accionUrtle (ip mifl), 70% acctonitftle 
(15 min). and 97% aoitonitrile f 16 min: maintained until 19 min)* Eluted com- 
pounds were nuipHOrcd at 310 pm by photodipdc detection (Waters 996). Stan- 
dard solutions containing differoot concentrations (0.1 to 10 mM) of veratryl 
alcghnl, vcratraAdchydc, and vera trie sctd wore chromalograpbcd under the 
conditions described above* and calibration curves weru obtained OusRtJGcation 
of tht coitipoundii was carried out by integrating tbc area under each peak at 
280 nm. All chemicals were obtained from Siproa-AWrieb. 

Application of purlfttd Uccate to th? Mobtmefajn^ of eueajypttvi knft pulp. 
Purified laccnsc produa*d by J, cyanw was evaluated for biobleacbing of euca- 
lypti* krafl pulp* by wing ABTS a* the mediator. Tht eucalyptua kralt pulp used 
in rhia pwtiy was ^oKcd with dUtilltii water for 4 h at room tempeniture <\ n d thep 
filtered and dried al Q(fC tg obloin a constant dry mass. 

Enzymatic bleaching of tbc pulp with Jncwsc and I occ^ -mediator systems 
was carried nut In 500-ml Ericnmeycr flasks cuntainbg 7.5 g of pulp, 100 mU (16 
u^) of purified laccsuc per g of pulp, and (in the lacc3se-tnediaior system assay) 
5 mM ABTS. The volume of each a«ay mfctmre was adjuRted to 100 ml with 50 
mM Mcllvainc buffer (pll 5) to obtain a final pulp content of 1.5% (wt/VoJ). The 
reaction niwturvs were incubated at 45*0 for 3 h with shaking «nd were period- 
ically cuygc noted. Control a*^ay mixtures were prepared by using heot-inoctU 
vatcd envymc. 

Oirttrot^ «nd pi ilps treated with enzyme and wtih the eorymc-mcdiator system 
were further extracted »vitlj 37.5 mM NaOH at $0*C fen* 3 h, and the Jtappa 
number (I5O-302-1WI B) wa» deienniocd. After Alkaline extraction, corttmU 
and treated pulps were further Nciched by peroxide extraction. Parotide bJcach* 
inR of pulps w»> carried nut ii\ 250-ml Erlenmeycr flasks containing 2,$??. (vol/ 
vnt) \f z o x (ohtaincd from a 33% li^Of [wlvoIJ commercial wlvtion), 0^5% 
<w(.\-ol) M&SO4. and 35% (wt/vol) Na 2 SiO,i in an appropriate votuoe of distilled 
water to obtain a final pulp content of 10% (wt/vol). The pc/ondc extraction was 
carried out at A0"C for 1 b with shaking, finally, tbc kappa number and bright- 
tieu> (ISO 2496) were determined AJ1 the assays wore performed in triplicate. 



RESULTS 

Production of lacenses in swbmergccl culture. The time 
course for the production Of extracellular laccasc activity dur- 
ing the cU^wth of S. cyaneus in submerged culture is shown in 
Fig. L The maximum laccasc activity (1.2 U ml" 1 ) was ob- 
tained after 8 days of growth. The maximum growth, as deter- 
mined by using intracellular proleio, was detected after 3 days. 
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FIG- 2. (a) SDS-PAGE of purified Ucca*e produced by $. cyatietts 
Stained with Coomassic brilliant Wve (June I) and molecular mass 

trophoresis was performed after 25 of protein was loaded. 



After 8 days the intracellular protein concentration had de- 
clined to 6.8 mg ml" 1 (Fig. 1). 

Purification of faecal The Iaccase activity in the culture 
supernatant (100 ml) obtained after 8 days of growth (approx- 
imately 14 mg) was purified by hydrophobic interaction chro- 
matography followed by anion-exchange chromatography as 
described in Materials and Methods. At the end of the purifi- 
cation process a punficd lactase (Fig. 2) wa$ obtained; this 
jaccase had a specific activity of 6.3 U mg of protein \ and the 
purification factor was 6,16-fold, which corresponded to a final 
yield of 57.8% (Table 1). 

Characterization of the purified Iaccase. The purified lac- 
casc produced one band on an SDS-PAGE gel at a molecular 
mass of approximately 75 kDa (Fig. 2). The isoelectric point 
for this lactase was 5-6- The optimum pH for the enzyme was 
4,5, and the optimum temperature for the purified Jaccase was 
70°C The enzyme retained up to 100% of its activity after 120 
roirt of incubation at 40°C at pH values between 5 and 8 and 
lost 50% of its activity when it was incubated at pH 3 to 4. The 
Jaccase retained more than 75% of its activity after incubation 
for 120 mio at 5Q*C and 60% of its activity after incubation at 
60°C for 60 min at pH 4 5. The iaccase activity was enhanced 
in the presence of CuSOj at concentrations up to 10 mM 
(maximum activity at 10 mM),. in the presence of MnSO^ at 
concentrations up to 40 cnM (maximum activity at 20 mM), and 
in the presence of MgS0 4 at concentrations up to 40 mM 
(maximum activity at 10 ruM) and was reduced in the presence 
of FeS0 4 , ZnCI, and CaCl 2 at the range of concentrations 
assessed (up to 50 mM). 



Inhibition of Jaccase activity was observed in the presence of 
10 mM tropolonc (31.0% inhibition), pheoyJtbiourea (95.0%), 
and cinnaroic acid (a-pherjylpropenoic acid) (75 .7%). In the 
presence of EDTA and sodium azidc : complete inhibition was 
detected at concentrations of 30 and 20 mM, respectively. In 
the case of EDTA inhibition, activity was recovered after ad- 
dition of Cu$0 4 (100% recovery at a concentration, of 40 mM), 
MnSO„ (150& recovery at a concentration of 35 mM), or 
Mg$0 4 (30% recovery at a concentration of 40 mM). 

The kinetic constants of the purified Iaccase were deter- 
mined under the optimal assay conditions. The K,„ was 0 36 
mM. the V mnx for ABTS was 5.55 U mg of protein -1 , and the 
efficiency of the enzyme against ABTS was 14.60 V mg of 
protein"' mg of substrate"'. 

In terms of substrate specificity, the purified lacca*e showed 

high activity against ABTS (0 ,763 AU 100 u.g Of protein" ') and 

2,6-DMP (0.830 AU 100 u.g trf protein" 1 ), lower activity 
* — »*,*.;.*/v^Mi'*; nA /iva-s An i aa ~r I^i 

protocatechuic acid (0-028 AU 100 of protein and very 
low activity against tyramine (0.01 AU 100 u-g of protein -t ), 
]U-3,4-dihydrophenylalanine (0.015 AU 100 u.g of protein"* 1 ), 
dopamine (0.01 AU 100 u.g of protein' 1 }, and guaiacot (0.005 
AU 100 M-g of protein" *). No activity against tyrosine was 
detected. 

The UV-visible spectrum of the purified Iaccase bad a peak 
of absorption al around 600 nm and a shoulder at around 330 
to 340 nm (Fig. 3). 

Effect of the purified enzyme on the oxidation of veratryl 
alcohol when ABTS was used as the mediator. The results 
obtained after 5 days of incubation are shown in Fig. 4. A 
decrease in the relative area of veratryl alcohol was observed 
along with an increase in the concentration of veratraldehyde. 
In addition,, a small increase in the verathc acid concentration 
was detected over the first 36 h Jfl all control experiments 
veratraldehyde and vcratric acid were not detected. 

Application of purified Iaccase to biobloaching of eucalyptus 
kroft pulps. The effect of the purified Iaccase on biobleacbing 
of eucalyptus kraft pulp was evaluated after the most common 
pulp properties, Kappa number and brightness* were analyzed 
(Fig. 5). Following pulp treatment with Iaccase supplemented 
with ABTS and further alkaline extraction , a reduction in the 
kappa number of 2.3 U was observed (Fig. 5a). When Iaccase 
was used by itself (i.e., in the absence of the mediator ABTS), 
a reduction in the kappa number of only 0 4 U (compared with 
the control) was observed. In addition, iaccase treatment fol- 
lowed by alkaline extraction yielded pulp with substantially 
increased brightness (1.1-U increase). Application of Iaccase 
plus ABTS as the mediator resulted in even greater increases 
in brightness (2.2 U compared with the control) after alkaline 



TABLE 1, Purification of Iaccase produced by 5. cyar&us 



Purificotfon step 



Total 



5p aci {U mg of 
protein*') 



Purification 
(fold) 



Yield <9&) 



Initial supernatant: (NHjrSO* 
Precipitation (50%). (NH„),S0 4 
precipitation (20%) 
Econo Methyl 
Ecooo Q 



$7.07 
62.76 
45,8 
21.44 
6.1? 



88.33 
83.71 
70.94 
5233 
51.64 



1.02 
1.33 
t.55 
2.44 
6.3 



) 

1.3 
6.16 



too 

93.7 
79.3 
58.8 
57.8 
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FIG. 3. U V-visibJc spectrum of liecaso produced by 5. cyaneits. The 
spectrum was gbtained t>y using 25 fig of purified laccasc per ml. 

extraction (Fig. 5b). After H 2 0 2 was applied to control pulp, a 
significant reduction In the kappn number (3,8 U) was ob- 
served. Following pulp treatment with both laccase and laccasc 
plus ABTS in a bleaching sequence with H 2 0 2 , considerable 
reductions in the kappa number were observed (0.3 and 1.4 U. 
respectively). Increases in brightness were also observed after 
H 3 0 2 was applied to the pulps treated with enzyme and with 
ej&ryme plus ABTS (1.1 and 2.2 U compared will) the control) 
(Fig. 5b). 

DISCUSSION 

The present work was initiated by studying the production 
kinetics of laccase activity from S. cyaneiis in submerged cul- 
tures by using soya rrjedjum. Although maximum growth was 
observed after 3 day* of incubation, extracellular laccasc activ- 
ity was detected after 4 days of growth, and the maximum 
extracellular laccasc activity was detected after 3 days of incu- 
bation, when the specific activity was 250 tnU nig of protein " \ 
a value which is slightly greater than previously reported bac- 
teria] laccase activities (40, 41 ). This pattern shows that laccasc 
activity can be detected once a strain has reached the station* 
ary phase of growth and increases with cejl autolysis, Ju gen- 
eral, the bacterial laccases that have been described are intra- 
cellular or cell bound. Furthermore, most of them are involved 
in basic cellular processes (e.g., the Azospirilhun and Marino- 
monas enzymes and Cot A from B. stifrtitis) (18, )9> 30). Re- 
cently, an extracytoplasmic phenol oxidase produced by the 
actinomycete S. gris.eti$ was described, and it has been sug- 
gested that this enzyme may be involved in the onset of mor- 
phogenesis (15). Therefore, to date, there have been no pre- 
vious studies based on purified enzymes to determine the 
potential applications of bacterial laccases in the pulp industry, 
and in this paper wc describe for the first time the use of a 
sireptomycetc laccasc in biobleaching. 

The purification procedure used for the laccase in this study 
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resulted in sixfold purification and a yield of S%%. The molec- 
ular mass (75 kDa) and the isoelectric point (pi 5.6) reported 
here are different from those reported for the intracellular 
laccases of B. snbrtlls (molecular mass, 65 kDa; pi 7.7) (30) and 
5. grisetts (molecular mass, 100 kDa) (15). However, the values 
which we obtained are similar to the previously described val- 
ues for extracellular lignin-degrading taccases from the fungi 
Pteurvtus ostreatus (35 , 36) and Maraymiw quercophilus (16). 

The results which we obtained for the stability of tbe laccasc 
at a high temperature and the optimum temperature can be 
considered industrially advantageous when they are compared 
with the results obtained for laccases produced by other or- 
ganisms. The optimal temperature range for fungal laccases is 
30 to 60*C (14. 32. 42). The enzyme activity of Our purified 
laccase was maintained in the pR range determined for other 
fungal and bacterial laccases. In comparison, the optimum pH 
for the laccase activity from B. sitbtitts was reported to be pH 
3 when ABTS was used as the substrate (30); However* no 
other comparative data were found for the stability of strep- 
lotnyce_tc_ laccases at different pH values and temperatures. 

'Th~e~cffccts "of ' different metal ions on the^laccase activity 
showed thai copper, manganese, and magnesium activated the 
purified laccase, while ferric iron., calcium, and anc. reduced 
the activity. No equivalent data for bacterial laccasc activity has 
been published. However, a copper requirement for bacterial 
laccase activity has been reported previously for 5. grisats (15), 
B, subtiUs t and A. lipofenan (20). 

The effects of inhibitors showed that the purified laccase was 
sensitive to the inhibitors tropoJooe, phcnylthiourea, and chv 
namic acid. The observed responses to these inhibitors appear 
to be a unique feature of the purified laccasc; this enzyme is 
similar lo tyrosinases in terms of its sensitivity to tropotone and 
cinnamic acid (25, 47) and differs from fungal laccases (18). 
Nevertheless, the possibility that the behavior of phenol oxi- 
dases with different inhibitors could be affected by the condi- 
tions of the assay mast be considered. The observation that 
EDTA completely inhibited laccase activity, which could then 
be recovered after addition of either copper, manganese, or 
magnesium, again suggests that bacterial laccases have a 
unique feature (12). Moreover, the enzyme was also inhibited 
by sodium azide, as described previously for other bacterial 
und fungal laccases (18, 20, 28). 

Regarding substrate: specificity, the laccase from S. cyaneiis 
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FTG- 4. 0?Uc)ation of veretryl alcohol by iacca&e produced by S. 
syoncus in the presence of AJ&T5. Solid line, vcratryl alcohol; dashed 
line, vcratr aldehyde: dotted J inc. wratric acid. 
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FIG. 5. (a) Kappa number value* of eucalyptus kraft pulp after enzymatic treatment with lactase produced by 5. cyanaa followed by alkaline 
extraction (grey bars) and alkaline and peroxide extraction (open bar*), (b) Brightness (expressed as a percentage, as determined by the 
International Standard. Organization [ISO] test) of eucalyptus kraft pulp after enzymatic treatment with lactase produced by & cyaneits followed 
by alkaline and peroxide extraction. 



showed strong activity against two substrates which are con- 
sidered highly specific Tor laccases (ABTS and 2,6-DMP) and 
showed much lower activity at the pH used against syringald- 
azmc and guaiacoJr which are also consideTed specific sub- 
strates for these enzymes (19). Nevertheless, difficulty oxidiz- 
ing guaiaeoi ha$ been eiJso reported for some specific laccases 
(40 t 44). The enzyme alio showed low specificity against o- 
dipbenoltc substrates, such as protocate.chuic acid, which is 
considered a substrate for catecholase (19). No activity against 
tyrosine was detectable; this is interesting because tyrosinases 
are the most common phenol oxidases produced by strepto- 
roycetes (26). 

The UV-visible spectrum of the purified laccase was the 
typical spectrum of the blue laccases (with » peak at around 
600 am and a shoulder at around 330 nm). In fact, typical 
laccases isolated from fungi belong to the class containing the 
blue oxidases, which contain four copper atoms per molecule 
arranged fp three different copper-binding sites (39, 46). Nev- 
ertheless, recent work on the laccase from B, subtilis deter- 
mined that this oxidase has four copper-binding sites (22). All 
of these sites produce spectra with a maximum at 605 nm. 
which corresponds to a type 1 or blue copper atom. Type 2 
copper exhibits weakly visible absorbance, and type 3 copper 
has two copper centers and is responsible for a shoulder at 
around 330 nm in the absorbance spectrum of native laccase 
(35, 37). A bacterial laccase, the CotA protein from & subtifo, 
also showed the typical UV-visibJe spectrum of blue mull f cop- 
per oxidases (30). The cloned gene corresponding to the mul- 
tjpotent phenol oxidase of Af mtdii^rramu also bad the motifs 
corresponding to the four copper-binding sites characteristic of 
most laccases (41), 

The oxidation of vera try 1 alcohol by the purified laccase in 
the presence of ABTS described here is the first oxidation of a 
nonphenolic substrate by a purified bacteria* laccase that has 
been reported. This activity opens up the potential for using 
this enzyme-mediator system in the pujp and paper industry as 
an alternative to fungus-based systems (7). A number of re- 
searchers have focused their efforts on description and char* 
actcrization of laccases produced by lign in-degrading fungi. 
Although these enzymes have limited abilities to degrade lig- 
nin, in the presence of oxygen, and an organic compound as an 
electron carrier (or mediator), they are able to delignify kraft 
pulps. This delignification of kraft pulps has been patented and 



named the Laccase Mediator System (LMS) (10). This LMS is 
highly selective and yields pulp with little carbohydrate loss or 
damage (49). The success achieved at the laboratory and pilot- 
plant scales (11, 34) makes this process a desirable system for 
industrial applications of bleaching of kraft pulps for the man- 
ufacture of paper (17). 

In this work we demonstrated that laccase produced by 
5. cyaneus can deJignify eucalyptus kraft pulp in the presence 
of ABTS as a mediator. The results which we obtained are 
comparable to those described by other worKers who used 
different laccases produced by ligninolytlc fungi and ABTS as 
the mediator. The level of delignification achieved with the 
LMS of S. Q'onem was an 18-4% reduction in the kappa num- 
ber after alkaline extraction of the pulp. Taking into consider- 
ation the fact that the biobleachjng experiment was carried out 
with 100 mU per g of pulp during a 2-h treatment, this result 
can be compared to the decrease in the kappa number of a 
softwood kraft pulp treated with 5 U of laccase produced by 
Trameies versicolor per g of pulp (3) and also with the decrease 
obtained by using 100 vnTJ of the same laccase afteT 1 day of 
incubation (7), Moreover, the reduction in the kappa number 
obtained with the LMS of S. cyaneus after peroxide extraction 
was similar to the reduction obtained with a commercial lac* 
case from Novo Nordisk (49). Moreover, the increase in bright- 
ness obtained after addition of hydrogen peroxide to LMS- 
treated pulps was significant. This result also confirms tbc 
potential application of the laccases from streptomycetes to 
biobleaching of kraft pulps in the presence of a synthetic me- 
diator. Because the use of ABTS as a mediator for biobleach- 
tng of pulps is not considered cost-effective at an industrial 
scale, the search for natural mediators Is a current research 
priority. The detection of low-molecular-weight aromatic com- 
pounds, such as p-hydroxybensoic acid, after growth of strep- 
tomycetes on wheat straw (21) could open new possibilities for 
the u$e of natural mediators together with bacterial laccases 
for biobleaching. In fact, ^-hydroxyberuoic acid has been con- 
sidered a mediator as efficient as ABTS for the oxidation of 
polycyclic aromatic hydrocarbons (24). 

In conclusion* wc isolated, purified, and characterized a new 
extracellular bacterial laccase. Evidence for thjs was obtained 
from substrate specificity data and the kinetic, biochemical, 
3nd spectral characteristics combined with the ability of the 
enzyme to oxidize nonphenolic substrates in the presence of 
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ABTS as a mediator. For the first time, the potential of lacta- 
ses from streptomycetes for use in combination with mediators 
for biobleaching of kraft pulps has been demonstrated. 
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— ~ —Originally published In Press as 

doi: 1 0, 1 074/jbc.M30 125 1 200 on March 13, 2003 
1. 

J. Biol. Chem., Vol. 278, Issue 21, 19416-19425, May 23, 2003 

Crystal Structure of a Bacterial Endospore Coat Component 

A LACCASE WITH ENHANCED THERMOSTABILITY PROPERTIES* 

Francisco J. Enguita , Ligia O. Martins % Adriano O. Henriques , and Maria Armenia 

Carrondo || 

From the Institute de Tecnologia Quimica e Biologica, Universidade Nova de Lisboa, 2781-901 
Oeiras, U Universidade Lus6fona de Humanidades e Tecnologias, Departamento de Engenharias 
e Tecnologias, Avenida do Campo Grande, 376, 1749-024 Lisbon, Portugal 

Endospores produced by the Gram-positive soil bacterium Bacillus subtilis are shielded by a 
proteiriaceous coat formed by over 30 structural components, which self-assemble into a lamellar 
inner coat and a thicker striated electrodense outer coat. The 65-kDa CotA protein is an abundant 
component of the outer coat layer. CotA is a highly thermostable laccase, assembly of which into 
the coat is required for spore resistance against hydrogen peroxide and UV light. Here, we report 
the structure of CotA at L7-A resolution, as determined by x-ray crystallography. This is the first 
structure of an endospore coat component, and also the first structure of a bacterial laccase. The 
overall fold of CotA comprises three cupredoxin-like domains and includes one mononuclear 
and one trimiclear copper center. This arrangement is similar to that of other multicopper 
oxidases and most similar to that of the copper tolerance protein CueO of Escherichia colu 
However, the three cupredoxin domains in CotA are further linked by external interdomain 
loops, which increase the packing level of the structure. We propose that these interdomain loops 
contribute to the remarkable thermostability of the enzyme, but our results suggest that additional 
factors are likely to play a role. Comparisons with the structure of other monomelic multicopper 
oxidases containing four copper atoms suggest that CotA may accept the largest substrates of any 
known laccase. Moreover, and unlike other laccases, CotA appears to have a flexible lidlike 
region close to the substrate-binding site that may mediate substrate accessibility. The 
implications of these findings for the properties of CotA, its assembly and the properties of the 
bacterial spore coat structure are discussed. 



Received for publication, February 5, 2003 , and in revised form, March 3, 2003. 

|| To whom correspondence should be addressed: Protein Crystallography Laboratory, Institute 
de Tecnologia Quimica e Biologica, 2781-901 Oeiras, Portugal. Tel.: 351-21-4469657; Fax: 351- 
21-4433644; E-mail: carrondo@itqb.unl.pt 
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PubMed Nucleotide Protein Genome Structure PM 

1GSKA . Chain A, Crystal ...[gi:3 161 5302] BLink, Domains, Links 

LOCUS 1GSKA 513 aa linear BCT 08-JAN-2002 

DEFINITION Chain A, Crystal Structure Of Cota, An Endospore Coat Protein From 

Bacillus Subtilis. 
ACCESSION 1GSKA 
VERSION IGSKJV GI:31615302 

DBSOURCE pdb:~molecule 1GSK, chain 65, release Jan 8> 2002; 
deposition: Jan 8, 2002; 
class: Sporulation; 

source: MoMd: 1; Organism_scientific: Bacillus Subtilis; 
Expression_system: Escherichia Coli; Expression_system_strain: 
BI21; 

Exp. method; X-Ray Diffraction, 
KEYWORDS . 
SOURCE Bacillus subtilis 
ORGANISM Bacillus subtilis 

Bacteria; Firmicutes; Bacillales; Bacillaceae; Bacillus. 
REFERENCE 1 (residues 1 to 513) 

AUTHORS Enguita,FJ., Martins 3 L,0., Henriques,A.O. and Carrondo,M.A. 
TTTLE Crystal Structure of a Bacterial Endospore Coat Component: A 

LACCASE WITH ENHANCED THERMOSTABILITY PROPERTIES 
JOURNAL J. Biol. Chem. 278 (21), 19416-19425 (2003) 
MEDLINE 22638349 
PUBMED 12637519 
REFERENCE 2 (residues 1 to 513) 

AUTHORS Enguita,F.J M Matias,P,M., Martins,L., Henriques.A.O. and 

Cairondo 5 M.A, 
TITLE Direct Submission 
JOURNAL Submitted (08-JAN-2002) 
COMMENT Revision History: 

MAY 213 Initial Entry. 
FEATURES Location/Qualifiers 
source 1 ..513 

/organism- 'Bacillus subtilis" 
/db_xref-"taxon:1423 M 
Region 1-.182 

/region_name= 1 'Domain 1" 
/note= ,; NCBI Domains" 
SecStr 19..23 

/se^strjype^sheet" 
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/note="strand 1" 
SecStr 24,32 

/sec_$tx_type- 'sheet" 

/note="strand 2" 
SecStr 33.38 

/$ec_strjype- 'sheet 1 ' 

/note="stamd 3" 
SecStr 45,.52 

/sec_str_type~"sheet M 

/note="strand 4° 
SecStr S8..64 

/sec_str_type-"sheet" 

/note^'strand 5 M 
SecStr 65.J6 

I 4 »~1 ilt 

/note=' , strand 6" 
SecStr 102.. 108 

/sec_str_type= "sheet" 

/note="strand 7" 
get join(bond(105) > bond(422),bond(105)) 

/heterogen="(ClO,1517)" 
Het join(bond(l07),bond(153),bond(155),bond(424),bond(491), 

bond(493),bond(107)) 

/heterogen="(C20,15l6)" 
SecStr 122..125 

/sec_str_rype="sbeet" 

/note="strand 8" 
SecStr 128..131 

/sec_str_type="sheet" 

/note""'strand 9 M 
SecStr 138..145 

/sec_strjype="sheet" 

/note^'strand 10" 
SecStr 147..156 

/sec_str_rype="sheet" 

/note="strand 1 1" 
SecStr 159.. 167 

/sec str type="helix" 

/note= H helixl" 
SecStr 168..176 

/$ec_str_type="sheet" 

/note^'strand 12" 
Region 183..353 

/region joame=''Domain 2" 

/note="NCBI Domains" 
SecStr 189.. 197 
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/sec_str_type-"sbeet" 
/note="strand 13" 

SecStr 198..202 

/sec_str_type="sheet" 
/note="strand 14" 

SecStr 204.. 207 

/sec_str_type="sheet" 
/note-"strand 15" 

Bond bond(229,322) 

/bond_type="disulfide" 

SecStr 231.. 236 

/sec_str_type="sbeet" 
/note="strand 16" 

SecStr 240. .246 

/see_$ir_iype="sfaeet " 
/note="strand 17" 

SecStr 247. 257 

/sec_str_type="sheet" 
/note~"strand 18" 

SecStr 262..269 

/sec_strjype="sheet" 
/note="strand 19" 

SecStr 272..2T9 

/sec_str_type="sheet" 
/note^'strai^O*' 

SecStr 280..283 

/sec_str_type="sheet" 
/note="strand21 rt 

SecStr 286.. 290 

/sec_str_type="sheet" 
/note="strand 22" 

SecStr 291..295 

/sec_str_rype="$heet" 
/note="strand 23" 

SecStr 298.. 307 

/sec_str_type="sheet" 
/note="strand 24" 
SecStr 310..320 

/sec m str_type="sheet" 
/note="strand 25" 
SecStr 332..340 

/sec_stx_type~ 'sheet" 
/note="strand 26" 
Region 354..513 

/region_name="Dbmain 3" 
/note="NCBI Domains" 
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SecStr 367..373 

/sec_str_type="sheet" 

/note^'strand 27" 
SecStr 374..380 

/sec_str_type="sheet" 

/note^'strand 28" 
SecStr 382..388 

/sec_str_type="sheet" 

/note="strarid 29" 
SecStr 399..402 

/sec_str_type="sheet" 

/note="$trand 30" 
SecStr 404..414 

/sec_str_type-'sheet" 

/nine- suauu 
SecStr 417..424 

/sec_strrype="sheet" 

/note="strand 32" 
Het join(bond(419),bond(492),bond(497)) 

/heterogen="( CU,1515)" 
SecStr 428..436 

/sec_str_type="sheet" 

/note="strand 33" 
SecStr 437..444 

/sec_str_type= , "helix" 

/note="helix 2" 
SecStr 465..471 

/sec_str_type=<"sheet" 

/note^'strand 34" 
SecStr 472..482 

/sec_str_type= ,l sheet' , 

/note="strand 35" 
SecStr 485.-493 

/sec_str_type-'5heet" 

/note="strand 36" 
SecStr 494..501 

/sec_str_type="helix" 

/note~"helix 3" 
SecStr 502. .509 

/sec_str_type="sheet" 

/note="strand 37" 

ORIGIN 

1 mtlekrVdal pipdtlkpvq qskektyyev tmeectbqlh rdlpptrlwg ynglfpgpti 
61 evkrnenvyv kwmnnlpsth flpidhtihh sdsqheepev ktwhlhggv tpddsdgype 
121 awfskdfeqt gpyfkrevyh ypnqqrgail wyhdbamalt rlnvyaglvg ayiihdpkek 
181 rlklpsdeyd vpllitdrti nedgslfyps apenpspslp npsivpafcg etilvngkvw 
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241 pyleveprky rfrvinasnt rtynlsldng gdfiqigsdg gllprsvkln sfslapaery 
301 diiidftaye gesiilansa gcggdvnpet danimqfrvt kplaqkdesr kpkylasyps 
361 vqheriqnir tlklagtqde ygrpvlllnn krwhdpvtet pkvgtteiws iinptrgtbp 
421 ihlhlvsfrv Idirpfdiar yqesgelsyt gpavppppse kgwkdtiqah agevlriaat 
481 fgpysgryvw hchilehedy dmmrpmditd phk 

// 



Disclaimer [ Write to the Help Desk 
NCBI | NLM | NIH 



2: AB092576 . Streptomyces lave...[gi:23491745] Links 

LOCUS AB092576 2318 bp DNA linear BCT 28-SEP-2002 

DEFINITION Streptomyces lavendulae gene for laccase, complete cds. 

ACCESSION AB092576 

VERSION AB092576.1 GI:23491745 

KEYWORDS . 

SOURCE Streptomyces lavendulae 
ORGANISM Streptomyces lavendulae 

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales; 
Streptomycineae; Streptomycetaceae; Streptomyces, 
REFERENCE 1 

AUTHORS Suzuki,T., Ito t M, T$ujibo 9 H*» Miyamoto,K. and Inamori,Y. 
TITLE A Thermostable Laccase from Streptomyces lavendulae REN-7: 

Purification, Characterization, and Nucleotide Sequence 
JOURNAL Unpublished 
REFERENCE 2 (bases 1 to 2318) 
AUTHORS SuzukiJ. and Ito,M. 
TITLE Direct Submission 

JOURNAL Submitted (26-SEP-2002) Takashi Suzuki, Rengo Co., Ltd., central 
laboratory; 4-1-186, ohhiraki, fukushima-ku, osaka, osaka 553-0007, 
Japan (E-mail:ta2-suzuki@rengoxojp, Tel:8 1-6-6466-7446, 
Fax:81-6-6465-0220) 
FEATURES Location/Qualifiers 
souxte 1..2318 

/organism- 'Streptomyces lavendulae" 
/mol_type=''genomic DNA" 
/db_xref="taxon:1914 rt 
RBS 251.255 
CDS 266..2161 
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/EC number" LI 0.3.2 " 
/codonstart^l 
/transl_table=li 
/product=" laccase" 
/protein id=" BAC16804.1 " 
/db_xref="GI:23491746" 

/translation- MTDIIERJTDGLAGAAKDAAPAAADGELTPYAAPLTVPPVLRPD 

STDVLR£TEIALRPTWVRLHPQLPPTLMWGYGGSWGPTVEVRRGQRVRIAWTNRIPK 

GSEYPVTAVEVPAANPNPSTEPGRGGVPPIADVAALPAWTVTHLHGAQTGGGNDGWA 
D 

NAVGYGDAqLSEYPNTDHQAVQWWYI^ 
LPS 

GKREIPLLIADRNLDTDEDGALNGRLLHKTVIVQEKNPETGKPVSWFAGPYTTVNGR 

IWPYAEVDAAWHRFRLVNASNARIYDLVLIDEDDNPVPGVLHQIGSDGGLLPRPVPVD 

FDEALPTLTVAPAERMDLLIDFRALAGRRLRLVNKGAGQAPGVPDPANNVRYPHVMEF 

RVGECGTDDPFELPEVLSGSFRRLTHDffiHGHRLrVLTPPATKGGGGHPEIWEMTEVE 

DAEQVELPADGVIQLMSSEGALKTYRRTSRTFNDGLGFTVAEGSYEQWSFLNLAVNPP 

VVHPMHfflLADFQILGRDTYDVSGFDVTAGGTRAPIAPDPATPVPLPPNERGYKDVFR 

ALPGQMLRVMGRFDGAYGRFMYHCHLLEHEDMGMMRPFVVMPAEAMKFDHGAGHG 
GHG 

GHGGHGG" 
sip peptide 266., 322 
mat peptide 323..2158 

/product^'unnamed" 
BASE COUNT 379 a 835 c 797 g 307 1 
ORIGIN 

1 gggcgaccat ggacggctat gtgctggagc tccagaactg gacggccgga atcctcaact 
61 ggcaccggga ctgccgccgt tacggagccg ccgatctggc ccggcgcgcg catggcttcg 
121 tgccggggca gttgccgaac cttttcagcc ggaataaggg attcgtggaa cccgcgtggg 
181 gcgtggtgag tcctgtgggg tgaaggcggc cactgaccgg ccgcaccacg ggggacgcaa 
241 cacggaacac gggggtgttc tcaccatgac cgacatcatc gagaggatca cggacggcct 
301 ggcgggcgcg gcgcgggatg ccgcgcccgc cgcggcggac ggtgaactga cgccgtacgc 
361 ggcgccgttg accgttcctc ccgtcctgcg tcccgactcc acggacgtcc tgcgggagac 
421 cgagatcgca ctgcggccga cgtgggtgcg gctgcacccg cagctcccgc cgacactcat 
481 gtgggggtac ggcggatcgg tgccggggcc gaccgtcgag gtccggcgcg ggcagcgcgt 
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541 ccgcatcgcc tggaccaacc gcatcccgaa gggcagcgag tacccggtca ccgccgtcga 
601 ggtgcccgcg gcgaacccca acccgagcac cgaaccgggc cgcggcggcg tcccgcccat 
661 cgcggacgtc gccgccctgc ccgcctggac cgtcacccac ctgcacggcg cgcagacggg 
721 cggcggcaac gacggctggg cggacaacgc ggtgggctac ggcgacgccc agctctccga 
781 gtacccgaac gaccaccagg cggtccagtg gtggtaccac gaccatgcca tgaacgtgac 
841 gcggtggaac gtccacacgg gcctctacgg cacctatctc gtccgcgacg acgaggagga 
901 cgcgctccaa ctcccctccg ggaaaaggga gatcccgctc ctcatcgccg accgcaacct 
961 cgacacggac gaggacggcg cgctcaacgg ccggctgctg cacaagaccg tgatcgtcca 
1021 ggagaagaac ccggagacgg gcaagccggt ctccgtgccc ttcgcgggcc cgtacaccac 
1081 ggtcaacggc cgtatctggc cctacgccga ggtggacgcg gcctggcacc gcttccgcct 
1141 ggtcaacgcg tcgaacgcca ggatctacga cctcgtcctg atcgacgagg acgacaaccc 
1201 ggtgccgggc gtcctgcatc agatcggcag cgacggcggc cttctcccgc gcccggtgcc 
1261 ggtcgacttc gacgaggcgc tgcccacact gaccgtcgcc ccggccgagc gcatggacct 
1321 gctcatcgac ttccgcgcgc tcgccggacg ccgcctacgc ctcgtcaaca agggcgcggg 

UO l WaggV£V^<f gg^*3*-5VV^ tt^Wgg^gtltl LrClClWgLgisgW LaLi/^g^U.Ug Ll/CtLggaglL 

1441 ccgcgtcggt gagtgcggca cggacgaccc gttcgagctg cccgaggtcc tctcgggctc 
1501 cttccgccgg ctgacgcacg acatcgagca cgggcaccgc ctcatcgtgc tgaccccgcc 
1561 ggccacgaag ggcggcggcg gccaccccga gatctgggag atgaccgagg tcgaggacgc 
1621 cgaacaggtc gagctgcccg cggacggggt catccaactc atgagctccg aaggcgcgtt 
1681 gaagacgtac cgccgcacct cacgcacctt caacgacggc ctcggcttca ccgtcgcgga 
1741 gggcagttac gagcagtgga gcttcttgaa cctcgccgtg aacccgcccg tcgtgcaccc 
1801 catgcacatc catctcgccg acttccagat cctcggccgt gacacgtacg acgtgtcggg 
1861 gttcgacgtg acggccggcg gcacgcgcgc gccgctcgcg cccgacccgg ccacgccggt 
1921 cccgctcccg ccgaacgagc gcggctacaa ggacgtcttc agggcgctgc caggccagat 
1981 gctgcgcgtc atgggacggt tcgacggcgc ctacgggcgc ttcatgtacc actgccatct 
2041 gctggagcac gaggacatgg gcatgatgcg gccgttcgtg gtgatgcccg ccgaggcgat 
2101 gaagttcgac cacggggcgg gccacggcgg acatggggga cacggagggc acggcggctg 
2161 accggacgcc agaaatgccc ggttcagtct cactcgttcg ggaatcgtcg cgccggacgc 
2221 ggacgggtag agctttggcc ggaggtgggc catggaacag accgcgttgc gccccaagtc 
2281 gatgcccgga gctccgcgtc gtgagggggt ggccgccc 



Received From < 5152670556 > at 10/31/03 1:02:11 PM [Eastern Standard Time] 



10/31^2003 12:19 5152670556 SWEENEY PAGE 23 



NCBI Sequence Viewer 



Page I of 3 




Protein 



Search {^te^dT 



U forf 



Limits < »v»!v»i ....*....,.... ......sj^.o.^w:, 

|g^g {default J Show: [HI i Fite ^ ^v^a^b^^fe 



Preview/Index 



History 



Taxonomy 

Clipboard 




r 1: NM..J26&1XL1. Caenorhabditis el...[gi:17539949] 



Links 



LOCUS 

DEFINITION 
ACCESSION 

t rr- t-t O Tr\\*l 
V 

KEYWORDS 
SOURCE 

ORGANISM 



COMMENT 



linear INV 15-S&P-2003 



NM 069101 2142 bp mRNA 

Caenorhabditis ©legans laccase (4J499), mRNA. 
NM_069lOl 

MM 069101 • X GI - 1753994 9 
C aeno rhabditis elegans 

Euicary^ta;* Metazoa; Nematoda; Chroma dorea; Rhabditida; 
Rhabditoidea; Rhabditidae; Peloderinae; Caenorhabd^txs . 
PROVISIONAL REFSSQ: This record has not yet been subject to final 
NCBI review. The reference sequence was derived from WormBase 
CDS * F21D5 3 * 

Summary: This gene 4J499, also known as F21D5.3 or YK674, maps at 
(iv; +4.53). It encodes a laccase. From Pfam homology, the product 
would have copper binding activity. 

According to the Worm Transcriptorae Project, it is expressed at 
high level mostly from L2 larvae to adult [Kohara cDNAs] . Its 
existence, but not its exact sequence, derived here from the genome 
sequencing consortium annotation, is supported by 34 cDMA clones. 



FEATURES 

source 



RUA interference results: 

[A.SugimOto 2000] No obvious phenotype (by injecting cDNA clone 
SA:yk261a7) . 

^fexpression profile for the gene, derived ^"J^rvK^t?^ 
animals at each stage in each Kohara library is; embryos 2%, LI or 
L2 larvae 12%, L3 to adult (including dauer) 86%. 
In situ hybridisation pictures to all stages of development are 
available from Kohara NextDB- 

n^he predicted CDS has 14 exons. It covers 4.69 kb on the WS 97 
genome. The protein (713 aa, 81.7 KDa, pi V> ?n-3) 
muiticopper oxidase, type 1 motifs. Taxblast (threshold 10 3) 
tracks, ancestors down to bacteria and eukaryota. 
COMPLETENESS: full length. 

Location/Qualifiers 

1..2142 

/organX5m-"Caenornabditxs elegans 
/molJiype^'mRNA" 
/db xref="taxon:6239 M 



/chromosome= 



'IV 



ymap="IV;+4,53 cM (interpolated genetic position) " 
/!ap--IV/ covering 4972 bp, from base 8730709 to 873S682 
on genome release WS97" 
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NCBI Sequence Viewer 

Page 

/clone_Lib=»early embryo, Stratagene library 
rPMID1302005] • CEESY40; Kohara Sugano LI larvae 

Iuo«nn 1 T e f? d library: 69a8 > Y^SOdlO, ykl266g5; Kohara 
Sugano L2 larvae cap-selected library: yk773hll vkl592rti 
ykX396b3; Kohara Sugano L4 larvae cap- S alected library' 
ykl564hU, yk!475g2; Kohara Sugano mixed Sge 
cap-selected library: yk701c5, yk704e5, yk708el vk709ai? 
yk7Q9e4, yk 712dU, y k7l3h3, yk7i 5f 12, Jk7™S ySS2 ' 

yk729bl; Kohara mixed stage library, from him-8 strain, 
coataimog 15-30% males: yk26la7; Kohara mixed stage 
i,^ y ' cm hlm ~ 8 strain ' containing 15-30% males- 
y y llT 5 ^ yk47a1 ' ykl26b7 ' ^ 130e1 ' ^34bl2, yk SS'- 

q^ne X.,2142 

/gene="4 J4 99" 
/locu$^tag= n 4 J4 99" 

/note-«syaonyms: F21D5.3, CELK00674; Title: Caenorhabditis 
elegans gene 4J499, laccase." wenornancutzs 
/ dbxr e f = "Ace Vx ew/WormGenes ; 4 J 4 9 9 " 
/db_Xref= w GeneID: 177680" ~ 
/db_xref^ ,, LocusID: 177680" 

/gene«="4J499 M 
/loc:u5_tag= TT 4 J499" 
/codon start»l 
/product«"laccase (4J499)" 
/pr ot e i n_i d=* » np_5 01502^ 1 » 
/db_xre£~"GI:17539950 H "~ 
/db_xref AceView/WormGenes : 4J4 99" 
/db_xref="Gen©ID: 177680" ~~~~ 
/db_xref -"LocuslD ; 17 7 680" 
/transla*ion~»MKPDSl^ 
SKWSFNQLMOCI^ 

GTHWYHGKMQTDRGDGIAGGFIWDQNDTSVPT^ 

E^WMOtEDKTMKWMYGYDDFTKC^PTRTSDGGNVGGAVPISAILLNDKGWYDHDII 
KSQP FNZiPLER FQI KPNEDI L,FRI VNGG VAQELML YVEGHPMT WAADG DE WPMKVD 

^IVFPGERYDILIKGLATPTKKSYRIQVETVQKYFFDWKEIPIVYGFGYIEYETDGL 
PEDKTTPNIiMHPECTQNKKCTVtNCPFX2EWMAQPNFTCISYDKLENPNPEKI^ElLO 
ATQFNGGFEEHFINMHHDSQMDQFLFQFPWGIPYYHDGDMETISTSCSQTACA^ 
DLDTTCRCFYHLEHKLNNIVQITLYNMG^GGAMGTGYAHPFHLHGHHF^ 
NGSGF1DQMNQDIDCPGRDVSCNGKKWRNK0WLGGALEAMNTKNFTKRDTITLPVGGY 

ITIRFRAVNPG^FAHCHLELHJLMGGTGYAYKVGDQNQIYMPFONFPHDCGVFKVDKL 
PELRLPTQKSSMPYTFIAVCLVLIIDRlFtf" 
suture 100. .561 

/gene^'4 J4 99" 

/locus_tag«*"4 J4 99" 

/note^Region: [Pf am/InterPro description) multicopper 
oxidase, type 1" * 
/ db_xref ^"CDD: e^iu00394 * f 
wi se featu re 625,, 630 

/qene^'4 J4 99" 
/ locus_t ag*= " 4 J4 9 9 " 

/note="Region: [PSORT] dileucine domain: LL» 
luxsc feature 697, ,1170 

/genera J4 99" 

/locu6_tag^"4J4 99 D 

/note-"Region: [Pf am/InterPro description] multicopper 
oxidase, type l n 
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/&>jxx e f = " C DP : £ tamO [03? 4 " 
misc feature 790-.795 

/gerte^^SS" 
/locus_tag^"4J499 w 

/note^Region; IPSORT) dileucine domain: LL" 
z nisc fe ature 1819.. 1983 . 

/gene="4J4 99" 
/locu3j:ag= H 4J499" 

/note^Region: [Pfam/InterPro description] multicopper 
oxidase, type 1" 
/d*>_xref *= "CDD t Ef .am.933 ?.i ,f 

ORIGIN 

1 atgaaaccag actcgaacgg tgtctatgca tatgatatga aaattagtaa gaaattaaca 

61 atggcctaca agaafcgataa tccggcaaag cacgcaactc cagtcgacta tgattataaa 

12X actcaaacat ggtcaaaacg tgagccgaat caactgatgg attgtttcca aaactattca 

181 tttaaccata tttcggatcc aggagatgca aatagaatgg aagatgtttt ggtggttgat 

241 ggattgcata aacgagttat atcgattaac ggagatatgc ctggagcacc agttgtagtt 

301 ccatacatgt cagaagtatg gattcgtgtc tctaatcaga tccttatgga ttcaatgaca 

361 attcatgttc atggtattga caaacatgga atgtggtaca tggatggagt tgcttttgtt 

421 caacaatgtc caattpaaag tacaaataaa tttgagtata gatttattgc tgataacaag 

4 81 ggaactcatt ggtatcacgg acatatgcaa actgatagag gagatgyaat tgetggagga 

541 ttcattgttg ttgatcagaa tgatacatca gttccaacat tggatgatcg gaagcgaatt 

601 gttccaagcc gtgaatactt ctttttgttg caggattggg cgacaaaagt tgga_gaagaa 

661 gcttggatgc aattggaaga taaaactatg aaatggatgt atggatatga tgactttaca 

721 aaatgttggg agccaactag aacttecgat ggaggaaatg tcggaggagc tgtaccaatt 

781 tctgoaattc ttttgaacga caagggatgg tatgatcatg acattatcaa atctcaacca 

841 ttcaatcttc cacttgaaag attccaaatt aagccaaacg aggatattct tttccgtatt 

901 gtaaacggag gagttgctca agagcttatg ctatatgttg aagggcatcc aatgactgta 

961 gttgcagctg atggtgatga ggttgttccg atgaaggttg atcgtctcat cgttttccca 

1021 ggagaaagat atgacatttc gattaaagga ttggcaacac ccaccaaaaa aagctaccgt 

1081 atccaagtag agacagttca aaaatatttc tttgattgga aagagattcc aattgtttat 

1141 ggatttggtt atattgaata tgaaactgat ggactccecg aggataagac tacacccaac 

1201 ctgatgcacc cagaatgtac acaaaacaag aaatgtaccg ttttgaactg tccattccaa 

1261 gaatggatgg ctcaaccaaa cttcacatgt atctcatatg ataagttgga aaatccaaat 

1321 ccagaaaaaa tcgaggccga gattcttcaa gcaacacaat ttaatggagg attcgaggag 

1381 cattttatca acatgcacca tgactctcaa atggatcaat tcttattcca attcccatgg 

14 41 ggtattccat attatcatga tggtgacatg gaaactattt caacgtcgtg cagtcaaact 

1501 gcttgtgcca acaactcaat gtcagatctc gatacaacat gtcgttgttt ctatcatttg 

1561 gagcataaat taaataatat tgtgcaaata accctttata atatgggact tggtggtgca 

1621 atgggaactg gttatgctca tccattccat cttcatggac atcattttta tgtgatgaaa 

1681 gttggatggc catcgtataa tggatctgga tttattgatc aaatgaatca agatattgat 

1741 tgtcctggac gagatgttag ttgtaatgga aagaaatgga gaaataaaga ttggttaggt 

1801 ggagcattag aagcaatgaa tactaagaat ccaacgaaaa gagatactat taoattgcca 

1861 gttggaggat atatcactat tcgattccgt gctgtaaatc caggatggtg gtttgctcat 

1921 tgtcacttgg aacttcattt aatgggtgga actggatatg catataaggt tggtgatcaa 

1981 aatcaaatct acatgccacc tgaeaatttc ccgcatgatt gtggtgtctt caaagttgat 

2041 aaattaccag aattaaggct tccaactcaa aaatcttcga atatcccata cactttcatt 

2101 gctgtgtgcc tagttcttat tattgataga atatttcact ga 

// 
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